Herein, we report a simple approach for the preparation of phosphate-functionalized carbonaceous graphene-based composites. The homogeneous deposition of a thin layer of phenolic resin on the surface of graphene oxide (GO) sheets was achieved using phosphoric acid as the polymerization catalyst and functionalization agent. Subsequent pyrolysis of the composite yielded homogeneous lamellar-shaped microstructured porous carbon-graphene composites combining enhanced molecular diffusion and high electron transfer. In order to elucidate the effect of GO and porosity on the supercapacitor performance, a graphene free sample and a KOH-activated composite were also prepared and tested in a two-electrode configuration using aqueous and organic electrolytes. It was found that the presence of GO and the KOH activation lead to an increase in the specific surface area combined with a progressive widening of the pores. As a result, the KOH-activated composite reached specific capacitances of 211 and 105 F g À1 when using 1 M H 2 SO 4 and 1.5 M Et 4 NBF 4 electrolytes, respectively. It was also found that phosphorus-functionalization of electrodes leads to an operating voltage of 1.3 V in the aqueous electrolyte, resulting in a considerable increase of the energy density of the cell. Finally, both non-activated and activated graphene-based composites provide excellent capacitance retention, energy and power densities and cycling stability.
Introduction
Porous carbons are the most used materials for the fabrication of electrodes for electrochemical double layer capacitors (EDLCs) due to their high specic surface areas, appropriate electronic conductivity and non-toxicity. These porous carbons are generally prepared by the pyrolysis and activation of natural waste due to its abundance and low cost. However, activated carbons derived from natural waste contain a large amount of impurities. Moreover, the porosity and pore size distribution (PSD) are highly dependent on the nature of the waste employed. This can compromise the EDLC performance since a dened porous structure is of paramount importance in supercapacitor electrodes for the EDL formation. 1, 2 The presence of micropores in these samples is required to ensure large specic surface areas, but the micropore depth and connectivity are also important to enable fast ion transport in the whole electrode material. Hence, the porosity of electrodes should be tailored as a function of the electrolyte used, [3] [4] [5] [6] which is not possible using highly crosslinked natural polymers as carbon precursors.
On the basis of this premise, there is an urgency to explore new carbonaceous materials suitable as electrodes for high energy supercapacitors. In this regard, carbons derived from the pyrolysis of polymers with high purity, well-controlled structure and tunable porosity have been pointed out as promising candidates to replace activated carbon from natural waste, despite their higher cost. 7 Among them, phenolic resins have been extensively used as carbon precursors due to their great ability to polymerize and thermoset in diluted aqueous solutions. 8 Electrical conductivity, which is another key descriptor in EDLC performance, is sometimes hindered in amorphous porous materials. 7, 9 Taking this into account, the preparation of homogeneous at-shaped lms of hybrid materials such as graphene [10] [11] [12] or carbon nanotubes 13 with highly conductive behavior and high specic surface area is expected to boost the capacitive performance.
The surface chemistry of electrode materials also plays an important role in their performance. Hence, the incorporation of heteroatoms into the carbon surface/lattice can modify the electronic properties of porous carbon materials, improving their electronic conductivity and at the same time promoting the generation of functional groups that may undergo fast redox reactions, thus providing a pseudocapacitive contribution to the overall capacitance. 14 The functionalization of carbon materials with several heteroatoms (oxygen, 15 nitrogen, 16 boron, 17 or sulfur 18 ) has been extensively explored but scarce reports are available on phosphorus-functionalized porous carbon materials, which calls for future research on this heteroatom. 19 Phosphorus rich carbons have also been demonstrated to increase the capacitance due to pseudocapacitive processes, even if the mechanisms behind this behavior are not completely understood yet. However, the most interesting feature is the widening of the operating voltage in aqueous supercapacitors to voltages higher than that of water decomposition (1.23 V), which greatly enhances the energy densities, as compared to pure activated carbons. [20] [21] [22] [23] Previous reports suggest a blocking/ protection effect of the oxygen groups from phosphates; for instance, quinones are electrochemically active but unstable due to their reaction with aqueous electrolytes. 20 In the present work we have explored the performance of microporous carbons derived from the pyrolysis of graphene oxide-phenolic resin composites as electrodes for high energy supercapacitors. To this end, the materials were tested in a twoelectrode conguration using both aqueous and organic electrolytes (1 M H 2 SO 4 and 1.5 M Et 4 NBF 4 in acetonitrile). It was found that the presence of GO sheets during the polymerization of the phenolic resin leads to a dramatic change in the material morphology and to an increase of the accessible microporous surface area. These particular physicochemical properties led to a notable enhancement of the capacitance retention, energy density and cycling stability, specically, in the organic electrolyte.
Further KOH activation results in a signicant increase of the specic surface area combined with a progressive widening of the micropores, leading to specic capacitances as high as 211 F g À1 and 105 F g À1 when using 1 M H 2 SO 4 and 1.5 M Et 4 NBF 4 electrolytes, respectively.
Interestingly, the removal of the surface-phosphate groups from the composite surface during activation decreases the operating voltage of the electrode material as compared with the functionalized composite, which operates at 1.3 V in the aqueous electrolyte, resulting in a considerable increase of the energy density.
Experimental

Sample preparation
A carbon-graphene composite (hereaer denoted as ResFaGO) was prepared by dissolving 440 mg of resorcinol (Sigma-Aldrich) in 4.0 mL of water and 2.4 mL of ethanol under stirring. Subsequently, 4.0 mL of commercial graphene oxide (GO) (4 mg mL À1 , Graphenea) was added and vigorously stirred until complete homogenization. Then, 600 mL of formaldehyde and 100 mL of phosphoric acid were quickly added to the suspension in closed recipients which were transferred to an oven at 85 C for 70 h to overcome the hydrothermal condensation. ResFaGO carbon was obtained aer heating the resins at 800 C in a tubular oven for 1 h under a dynamic Ar atmosphere. For the preparation of activated carbon-graphene composites, a certain amount of ResFaGO was mixed with KOH in a ratio of 1 : 4 in a mortar and subsequently heated at 800 C under an Ar atmosphere to obtain ResFaGO-A. The as-obtained activated carbon was washed with diluted HCl and hot water several times. A carbon derived from the pyrolysis of the phenolic resin prepared in the absence of graphene oxide (hereaer denoted as ResFa) was prepared for the sake of comparison.
Physicochemical characterization
The morphology of the prepared electrodes was studied by Scanning Electron Microscopy (SEM) using a FEI Quanta250 microscope operating at 20 kV. X-ray photoelectron spectroscopy (XPS) measurements were carried out using a UHV spectrometer chamber with base pressure below 10 À10 mbar. The chamber features a hemispherical analyser PHOIBOS 150 with a 2D-DLD detector (SPECS) and a monochromatic X-ray source FOCUS 500 (SPECS) with two anodes: Al Ka (hn ¼ 1486.74 eV) and Ag La (hn ¼ 2984.3 eV). ASAP2460 and ASAP2020 adsorption analyzers (Micromeritics) were used to measure nitrogen adsorption-desorption isotherms at À196 C and CO 2 adsorption isotherms at 0 C, respectively. Samples were outgassed at 250 C for 12 h under vacuum prior to the measurements. The specic surface area (S BET ) was calculated according to the Brunauer-Emmett-Teller (BET) method from the nitrogen isotherms in the relative pressure range of 0.05-0.25. The t-plot method was used to calculate the external surface area (S EXT ) in the relative pressure range of 0.07-0.25. The total volume of micro-mesopores (V T ) was calculated as the amount of N 2 adsorbed at a relative pressure of 0.99. The micropore volume (V DR ) was calculated by applying the Dubinin-Radushkevich (DR) method in the relative pressure range between 10 À6 and 10 À1 . The mesopore volume was calculated by subtracting the micropore volume from the total pore volume (V T À V DR ). The ultramicropore volume (V DR ) and the micropore surface area (S DR ) were also calculated by applying the Dubinin-Radushkevich (DR) method to the CO 2 isotherms in the relative pressure range of 10 À5 to 0.03. The pore size distribution (PSD) was determined from both N 2 and CO 2 isotherms by the 2D-NLDFT heterogeneous surface model using the MicroActive soware from Micromeritics. Nitrogen and CO 2 were used as probe molecules to assess nite and carbon slit pores, respectively.
Electrode preparation, cell assembling and electrochemical characterization
The electrodes were prepared by mixing 85% of active carbon, 10% of C65 conductive carbon and 5% of polytetrauoroethylene (PTFE) binder in the presence of ethanol. The mixture was kneaded until plasticity and rolled to obtain a lm with typical thickness values of 305 AE 35 mm. Circular shape electrodes of 4-7 mg and 0.95 cm 2 were punched from the lm and dried at 120 C under vacuum. The density measured for the electrodes was 0.28, 0.21 and 0.14 g cm À3 for ResFa, ResFaGO and ResFaGO-A, respectively.
The electrochemical testing was performed in a twoelectrode Swagelok-type cell in which two electrodes with similar masses were separated by a porous glass ber (Whatman GF/D). The aqueous solution 1 M H 2 SO 4 and the organic one 1.5 M Et 4 NBF 4 in acetonitrile were used as electrolytes. Two stainless steel rods were used as current collectors. In a particular experiment, a two-electrode Swagelok-type cell containing the aqueous solution was equipped with a Hg/ HgSO 4 reference electrode to follow the potential evolution of individual electrodes using 1 M H 2 SO 4 as the aqueous electrolyte. Cells containing organic electrolytes were assembled in a glovebox. Electrochemical impedance spectroscopy (EIS) (signal amplitude 10 V, frequency range 1 MHz to 10 mHz), cyclic voltammetry (CV) (at the scan rates of 5-100 mV s À1 ) and galvanostatic charge-discharge (GCD) (at the current densities of 0.2-10 mA g À1 ) measurements were performed on a multichannel VMP3 generator from Biologic.
The specic capacitance per single electrode C s (F g À1 ) was calculated from the discharge galvanostatic plots at different current densities, following the equation:
where I is the current density, t d is the discharge time, DV is the working voltage once the ohmic drop is subtracted and m act is the mass of the active material in a single electrode.
Energy E (W h kg À1 ) and power P (W kg À1 ) densities were calculated according to the following equations:
Results and discussion
As described in the experimental section, three different carbon materials were prepared using resorcinol and formaldehyde as polymeric precursors and phosphoric acid as the catalyst of the hydrolysis/condensation as well as the phosphorus precursor. Aer the polymerization process, homogeneous phenolic resins with a dened porosity and a certain amount of phosphorus were obtained. The as-prepared resins were treated at high temperatures to obtain the nal carbons. The reaction processes for ResFa and ResFaGO are summarized in Scheme S1. † The microstructure and morphology of the samples were studied by SEM imaging (Fig. 1) .
As can be observed in Fig. 1a , the ResFa sample presents a sphere-like morphology typical of hydrothermal carbons with uniformly distributed spheres of ca. 2 mm size. The morphology changes drastically for ResFaGO. This carbon composite material shows a at-shaped morphology in which a layer of carbon of approximately 200 nm thickness is homogeneously coated on the graphene-type sheets (Fig. 1b) . The microstructure and particle morphology exhibited by the carbon activated with KOH (ResFaGO-A) are not signicantly different compared to the pristine carbon composite, as observed from the SEM images ( Fig. 1c ). For the sake of comparison pristine GO and rGO were also morphologically evaluated by SEM. Fig. S2 † shows the microstructure of these two samples. No major differences are observed between the GO sample and GO pyrolysed at 800 C, both showing a microporous structure in which very thin graphene sheets are randomly oriented. It can be clearly observed that the deposition of the carbon layer produces a signicant increase in the sheet thicknesses within the carbon composites (ResFaGO and ResFaGO-A).
The textural properties of these materials were studied by nitrogen adsorption/desorption at À196 C and CO 2 adsorption at 0 C (Fig. 2) . Both ResFa and ResFaGO present type I isotherms belonging to purely microporous adsorbents. 24 The slight increase in nitrogen adsorption observed at high relative pressures, near the saturation point, indicates the presence of interparticle porosity for both samples (Fig. 2a ). The porous carbon/reduced graphene oxide composite presents a larger surface area (948 vs. 598 m 2 g À1 , Table 1 ) due to an increment in the micropore volume (V DR , Table 1 ). The increment of S EXT (Table 1) in the latter sample also reveals the generation of large mesopores-narrow macropores by addition of GO sheets during polymerization. It is worth highlighting the signicant increase in the specic surface area measured in ResFaGO, 10-fold larger than that of pristine GO and rGO materials ( Fig. S3 †) . The activated sample, ResFaGO-A, presents the largest pore volume (V T , Table 1 ) and surface area (1961 m 2 g À1 , Table 1 ). The isotherm of the activated material also presents a marked micropore contribution but, as evidenced by V meso and S EXT values ( Table 1 ) some narrow mesoporosity is generated during activation.
On the other hand, the ultramicroporosity of the studied samples was further analyzed by CO 2 adsorption (Fig. 2b) . 25, 26 The CO 2 uptake increases from the bulk material (ResFa) to the carbon/graphene composite (ResFaGO) and further increases for the activated composite (ResFaGO-A). Hence, both the presence of graphene sheets and chemical activation increase the micropore volume and the available microporous area (VDR CO 2 and SDR CO 2 , Table 1 ). Regarding the shape of the CO 2 isotherms, the convex curves observed for ResFa and ResFaGO indicate the presence of narrow micropores while the sloping isotherm of ResFaGO-A reveals the presence of wider micropores. The PSDs calculated for both CO 2 and N 2 isotherms are displayed together in Fig. 2c -e for a general overview of the materials porosity. ResFa and ResFaGO samples present a similar pore size distribution with negligible mesopore contribution but bearing micropores smaller than 0.6 nm. The composite material presents a larger micropore volume ( Fig. 2c  and d , Table 1 ). The activated sample presents a greater contribution of wider micropores (from 0.6 to 2 nm) and no Fig. 2 (a) N 2 adsorption/desorption isotherms at À196 C and (b) CO 2 adsorption isotherms at 0 C for the studied samples and their corresponding (c-e) PSDs calculated from both N 2 and CO 2 adsorption isotherms by 2D-NLDFT, N 2 -carbon finite pores and DFT, CO 2 -carbon slit pores, respectively. Table 1 Total pore volume (V T ), mesopore volume (V meso ), micropore volume (V DR ), BET specific surface area (S BET ), external specific surface area (S EXT ), total micropore surface area (S DR ), narrow micropore volume (V DR ), and narrow micropore specific surface area (S DR ) contribution of narrow mesopores. It can be concluded that the presence of GO sheets acting as the support during the polymerization process not only causes signicant changes in the material morphology at the microscale (Fig. 1b) , leading to an increase in its specic surface area, but it also favors ion accessibility to the micropores as compared to bulk materials (ResFa). 27 Further activation of the composite material causes an increment of the micropore volume as well as widening of the micropore size. This could be ascribed to the collapse of adjacent micropores during the activation process. 28 The surface elemental composition of the three different materials was evaluated by EDX mapping (Table S1, Fig. S1 †) . As compared with the carbon/graphene composite (ResFaGO), the bulk material (ResFa) presents relatively large amounts of oxygen (5.6 vs. 2.4 wt%) and phosphorus (10.3 vs. 2.0 wt%) on its surface. The XPS spectrum registered for sample ResFA and the deconvolution of the high-resolution core level spectra of P2p (Fig. S4 †) conrm that phosphorus is present on the surface of the carbon composites as phosphate, diphosphate or metaphosphate functional groups.
The activation of the composite material (ResFaGO-A) not only increases the oxygen content up to 6.3 wt% but also seems to remove all the phosphorus functional groups from the material surface. Hence, KOH reacts preferentially with the Lewis acid sites (phosphorus in phosphates) during activation generating potassium phosphates, which are further removed from the material surface during the washing step.
The differences veried in morphological, porous and surface chemistry properties of the prepared materials enable a suitable evaluation of the effect of these critical parameters on the supercapacitor performance.
The electrochemical performance of these materials was rst evaluated by electrochemical impedance spectroscopy. Fig. 3 includes the Nyquist plots registered for ResFa, ResFaGO and ResFaGO-A in both aqueous (1 M H 2 SO 4 ) and organic (1.5 M Et 4 NBF 4 ) electrolytes. As can be seen in Fig. 3a , the curves acquired for the three electrode materials in 1 M H 2 SO 4 show a vertical line in the low-medium frequency regime, which is characteristic of their capacitive behavior, combined with a semicircle registered at high frequencies that can be ascribed to charge transfer processes. The rst cut with the X-axis is ascribed to the resistance of the electrolyte and the amplitude of the semicircle is ascribed to the contact and internal resistances. 29 The sum of all resistances corresponds to the equivalent series resistance (ESR) and their values are summarized in Table 2 . ESR follows the trend ResFaGO-A < ResFaGO < ResFa, which points out the positive inuence of graphene and chemical activation on enhancing the electrode electronic conductivity. Hence, previous studies demonstrated that KOH activation is selective towards carbon atoms in disordered environments leaving behind the most graphitic domains which increase the overall structural order and, consequently, the electronic conductivity of the material. 10 In contrast to the aqueous electrolyte, the Nyquist plots registered in 1.5 M Et 4 NBF 4 /AN (Fig. 3b) show a larger ESR resistance and similar semicircle amplitude at high frequency regardless of the material tested. The increase in the ESR values when using 1.5 M Et 4 NBF 4 instead of 1 M H 2 SO 4 should be ascribed to the lower ionic conductivity of the electrolyte combined with the larger ion size in the organic electrolyte compared with the aqueous ones.
It is important to note the evolution of a 45 slope region at medium frequencies for ResFaGO and ResFaGO-A electrodes, indicating hindered molecular diffusion in the EDL formation. 30 In order to gain more insight into the molecular transfer properties, the frequency dependence of the imaginary part of the capacitance is presented in Fig. 3c and d for aqueous and non-aqueous electrolytes, respectively. The maximum is related to the transition from resistive to capacitive behavior. The inverse of the maximum frequency is called the time constant (s) and is the minimum time needed to charge and discharge a supercapacitor. ResFa presents a large EDL relaxation time in 1 M H 2 SO 4 (Fig. 3c ) while it does not clearly show a maximum within the low-frequency region in 1.5 M Et 4 NBF 4 (Fig. 3d , Table  2 ). This fact evidences the hindered mobility of ions, particularly large ions existing in the organic electrolyte, within the small/deep pores present in this bulky sample (Fig. 1) . Indeed, it was previously reported that micropores between 0.65 and 0.83 nm in width are the most effective in forming the electric double-layer. 20 The hindered formation of the double layer observed for both ResFa and ResFaGO can be therefore explained by the CO 2 adsorption analysis (Fig. 2) , where both electrode materials presented micropores smaller than 0.6 nm. In contrast, the activated sample (ResFaGO-A) presents the lowest value of s, i.e., the fastest EDL formation and the fastest charge-discharge behavior, in both aqueous and organic electrolytes ( Fig. 3 , Table 2 ). This is in agreement with the larger contribution of wider micropores (from 0.6 to 2 nm) observed in N 2 adsorption measurements ( Fig. 2e ).
From these results, it can be claimed that the chargedischarge performance is improved in ResFaGO electrodes compared to ResFa due to the presence of smaller depth micropores in the former sample, induced by the presence of graphene sheets as the support (Fig. 1) , thus favoring the accessibility of the ions to the micropores. The activation of ResFaGO further enhances the ionic transport due to the presence of wider micropores which promotes the formation of the EDL (Fig. 2) .
The cyclic voltammetry (CV) curves registered for the studied electrode materials are displayed in Fig. 4 . Voltage windows were rigorously determined by the experiments to avoid electrolyte decomposition. As compared with the activated carbon/graphene composite, ResFa and ResFaGO electrodes present a clear enlargement in the operating voltage window when using 1 M H 2 SO 4 as the electrolyte (Fig. 4a and  c) . This enlargement of the voltage window (1.3 V) to values above the theoretical decomposition of water (1.23 V) seems to be related to the presence of phosphorus on the ResFa and ResFaGO electrode surfaces (Table S1, Fig. S1 and S4 †) , which blocks the active redox sites and thus prevents water decomposition. 21, 22 As shown in Fig. S5 † a similar contribution to the enlarged voltage window (1.3 V) is recorded for the negative (0.65 V) and positive (0.65 V) electrodes, resulting in a symmetric device. CV-curve shapes are quasi-rectangular with the presence of redox peaks at low scan rates evidencing both pseudocapacitive and EDLC energy storage mechanisms.
The substitution of the aqueous electrolyte with the organic electrolyte 1.5 M Et 4 NBF 4 allows an increase in the operating voltage window up to 2.5-2.7 V, as expected. Fig. 4b and c show a rectangular-shaped CV curve characteristic of the EDLC energy storage mechanism.
The specic capacitances in both aqueous and organic electrolytes were calculated from GCD curves presented in Fig. 5 and listed in Table 2 . For the 1 M H 2 SO 4 electrolyte, ResFa and ResFaGO electrodes present similar capacitance ($140 F g À1 ) while ResFaGO-A delivers much higher capacitance (211 F g À1 , Fig. 5a ). When the current density is increased (Fig. 5c ) the lack of conductivity/molecular diffusion of the ResFa sample becomes evident because of the dramatic decrease of the specic capacitance and the deviation from the linear shape of the GCD curve. The sluggish electron conduction and the low surface area accessible to large ions of the electrolyte are further veried by observation of the GCD curves in the organic electrolyte ( Fig. 5b and d) . The low specic capacitance (18 F g À1 , Table 2 ) observed for the ResFa sample as compared with the composite (61 F g À1 ) and the activated composite material (105 F g À1 ) is in good agreement with the progressive widening of the Table 2 Equivalent Series Resistance (ESR), time constant (s), working voltage window (DV), specific capacitance at 0.2 A g À1 (C), capacitance retention at 10 A g À1 (C retention ) and energy density at 0.2 A g À1 (E) pore size distribution and the enlargement of the surface area of ResFaGO and ResFaGO-A (Fig. 2) .The absence of pores larger than 0.60 nm, which are required for the double-layer formation when using Et 4 NBF 4 salt, 31, 32 prevents the ResFa electrode from suitable charge-discharge, as previously observed in the EIS analysis ( Fig. 3d ). It is worth noting the relatively large specic capacitance measured in the organic electrolyte (61 F g À1 ) for the non-activated carbon-graphene composite (ResFaGO), which is further enhanced by the activation process giving rise to comparable specic capacitance values reported for other representative nanostructured carbons (Table S2 †) . Regardless of the electrolyte used, the ResFaGO-A electrode displays the best performance at high scan rates and high current densities ( Fig. 4c, d, 5c and d) . This fact supports the positive effect that both graphene presence and the activation process have on the ionic diffusion and electronic conductivity (Fig. 3) .
The evaluation of the dependence of specic capacitance on the applied current density was performed by charging-discharging the studied electrodes from 0.1 to 10 A g À1 (Fig. 6a and  b ). For all the tested electrodes, the capacitance retention (C retention ) in the aqueous electrolyte is greater than that in the organic one. Regardless of the electrolyte used, the capacitance fading follows the trend ResFaGO-A > ResFaGO > ResFa where retention ratios as high as 77% and 72% are achieved for ResFaGO-A in 1 M H 2 SO 4 and 1.5 M Et 4 NBF 4 , respectively.
The energy and the power densities calculated for all the samples in the two different electrolytes are presented in the Ragone plots in Fig. 6c and d . Regarding the 1 M H 2 SO 4 electrolyte, ResFaGO-A yields 1.5 times higher capacitance than that registered for ResFa and ResFaGO samples (210 F g À1 vs. 140 and 147 F g À1 , Fig. 5 ). Nevertheless, the three studied materials show similar energy values at low power densities ( Fig. 6c and Table 2 ). The widening in the working voltage window to 1.3 V of the latter devices results in comparable energy values around $8.5 W h kg À1 . Consistent with poor capacitance retention (Fig. 6a ), the ResFa electrode displays a strong drop in the energy delivered at high power densities ( Fig. 6c and Table 2 ) due to the narrow pore size distribution and hard-to-access deep micropores which slow down the supercapacitor charge-discharge and thus the power delivery. In the case of 1.5 M Et 4 NBF 4 (Fig. 6d ), important differences are veried in the whole range of power densities for the devices assembled using the three different electrode materials. Hence, the restricted molecular diffusion in ResFa severely limits the energy density in the organic electrolyte compared with that of ResFaGO and ResFaGO-A (3.9 W h kg À1 vs. 15.4 and 25.5 W h kg À1 , Fig. 6d , Table 2 ).
In view of the results, ResFaGO and ResFaGO-A, which exhibit the best performance in both electrolytes, were subjected to a cycling test at 10 A g À1 . Fig. 7 shows that almost 90% of the capacitance is still retained aer 10 000 cycles, which evidences the high stability of both materials in both aqueous and organic electrolytes.
Conclusions
In this work, we have introduced a novel synthesis of a carbon composite derived from the pyrolysis of a thin layer of phenolic resin precursor deposited on the surface of GO sheets, using phosphoric acid as the polymerization catalyst and functionalization agent. According to the characterization, the carbongraphene composite shows a lamellar structure, pores in the micropore scale and phosphate group functionalization. Furthermore, a graphene-free microporous carbon was prepared for the sake of comparison, following the same synthesis route.
The composite was evaluated as the electrode for supercapacitors in both aqueous and organic electrolytes. It was found that the performance of the composites that integrate graphene in the structure was much better in terms of capacitance and capacitance retention than the graphene-free microporous carbons, especially when the organic electrolyte is used. This behavior should be ascribed to the template effect that graphene oxide has on the nal microstructure of the composites, which leads to an easy access to the smaller depth micropores promoting the electric double layer formation and enhancing the ion diffusion into the porous structure. Moreover, the presence of phosphorus on the electrode surface seems to have a positive impact on the supercapacitor performance when using 1 M H 2 SO 4 : (i) broadening the working voltage window to 1.3 V and (ii) increasing the capacitance through fast redox reactions (pseudocapacitance).
Further activation of the graphene composites maintains the morphology and microstructure of the composites but produces an enlargement of the specic surface area combined with a progressive widening of the pore sizes. Hence, further improvement in the electrochemical performance of these samples is observed, especially in the organic electrolyte.
Summarizing, carbon-graphene composites are promising materials to be used as electrodes for supercapacitors since their great physicochemical properties lead to interesting values of energy and power densities, as well as long cycling stability in both aqueous and organic electrolytes.
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